The objective of this study was to investigate changes in flavor components in broth prepared by pork ribs that were aged for 1 d, 3 d, and 7 d. The contents of free amino acids (FAAs), nucleic acid-related compounds, organic acids, and volatile compounds in broth were measured. The overall taste and aroma profiles were evaluated by electronic tongue, electronic nose, and sensory panelists. The results showed that the FAAs and succinic acid contents increased, while the 5ʹ-guanosine monophosphate, 5ʹ-inosine monophosphate, and 5ʹ-adenosine monophosphate contents decreased as the aging time increased. These changes led to the taste characteristics of broth being more savory. However, the results of gas chromatography-mass spectrometry, electronic nose, and sensory test all showed that there were no significant differences in aroma among the samples, where the main volatile compounds of broth were aldehydes, including hexanal, nonanal, octanal, heptanal, (Z)-2-heptanal, and (E)-2-decenal. Hence, postmortem aging affected the taste rather than the aroma of pork rib broth, and extending aging time can improve the taste of broth.
Introduction
Pork is one of the most commonly consumed meats worldwide, and its consumption continues to increase. [1] In China, pork ribs are very popular and widely consumed [2] though its price is higher than any other pork cuts. It is commonly used for preparing traditional dishes such as Wuxi sauce ribs and rib broth combined with various food ingredients. Pork rib broth is particularly popular for its palatable taste.
Flavor represents one of the most important quality attributes contributing to the widespread consumption of the broth. [3] Previous studies have indicated that flavor components in meat were affected by chiller aging. Flavor precursors including free amino acids (FAAs), reducing sugars, 5ʹ-inosine monophosphate (5ʹ-IMP), and polyunsaturated fatty acids are all in a dynamic state of degradation during storage. [4] [5] [6] [7] Such changes may affect the product flavor because flavor precursors can react with other degradation products for the formation of volatile components responsible for meat aroma or directly present meat taste when heating the meat. Gorraiz et al. [8] reported that aging of beef yielded an increase in its characteristic flavor and aftertaste intensity. Ba et al. [9] showed that the volatile compounds present in beef from Korean native cattle increased while important volatile compounds such as octanal and nonanal associated with pleasant flavor decreased with longer chiller aging period. Nishimura [10] claimed that pork and chicken broth taste intensity increased with longer chilling time of raw meat. Daszkiewicz et al. [11] observed that longer chiller aging time had a positive effect on the taste of beef samples. Sensory test has been widely utilized to judge food flavor, and recently more sensitive electronic tongue and electronic nose have been frequently applied in meat, [12] fruits, [13] and beverages [14] for sample recognition, identification, or classification. In this study, the electronic tongue and electronic nose were used to distinguish the integral profile of nonvolatile and volatile compounds in the pork broth.
Although changes in the flavor components in meat during chiller aging have been widely studied, there are few studies that have simultaneously focused on the taste and aroma of pork rib broth which is prepared by aged ribs. Therefore, in the present study, the effect of postmortem aging (1, 3 , and 7 days) on the volatile and nonvolatile components of pork rib broth was evaluated by using traditional chemical methods, electronic instruments, and a sensory panel.
Materials and methods

Chemicals
All reference compounds were purchased from Sigma-Aldrich Co., Ltd. (St. Louis, Mo., U.S.A.). All other chemicals were of least analytical grade from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China).
Sample preparation
The pork spare ribs were collected from Duroc × Landrace × Yorkshire crossbred pigs that had similar feeding conditions and body weights. Animals were slaughtered in a commercial meat company (Sushi, Jiangsu, China). After slaughtering, both sides of spare ribs were removed immediately from hot carcasses and cut into strips of 5 cm in length. The strips were divided into three portions, vacuum packed, and then chilled at 4°C. The ribs were chilled for 1, 3, and 7 days. At each time point, 500 g of ribs were cooked in 1000 mL of purified water (Wahaha, Hangzhou, China) with an addition of 7.5 g salt. The samples were cooked in an electric cooker (MD-WBGS401, Midea, China) for 240 min at a power of 280 W. Salt was added at the end of cooking. After cooking, broth and boned-in meat were separated by filtering through quantitative filter paper. The broth was stored at −80°C for further analysis.
Free amino acids
The FAAs in broth were profiled on an automatic analyzer (L-8900, Hitachi Co., Tokyo). The sample (4 mL) was sonicated with 3 mL of 5-sulfosalicylic acid (10 g/L) and 1 mL of ethylenediaminetetraacetic acid disodium salt (10 g/L) in a vial for 1 h and then the mixture was held overnight. The solution was transferred to a 25 mL colorimetrical cylinder, and 2 mL of the supernatant was then dried using a Nitrogen Evaporator (N-EVAPTM 112, organomation, USA). Then 2 mL of hydrochloric acid (0.02 mol/L) was applied to re-dissolve the amino acids. The resulting sample was filtered through a 0.22 μm filtration membrane.
Twenty microliters of the filtrate were subjected to the automatic analyzer equipped with a BioBasic SCX cation exchange column (4.6 mm × 60 mm, 5 μm) and a UV detector. The absorbance at 440 and 570 nm was measured after a postcolumn reaction with ninhydrin reagent at 135°C. Each FAA was identified and quantified by comparing the peak areas of the amino acids with those of the external standards.
Nucleic acid-related compounds
Nucleic acid-related compounds were quantified according to the method of Li and Wang [15] with some modifications. Broth samples (4 mL) were mixed with 20 mL of 5% cold perchioric acid for 1 min and centrifuged at 12,000 g for 10 min at 4°C (Avanti J-26S XP centrifuge, Beckman Coulter, USA).A space character should be added here. The supernatant was adjusted to pH 4.5 by adding 1 M potassium hydroxide and then centrifuged again in the same conditions. Subsequently, the supernatant was diluted to 100 mL with Milli-Q water and filtered through a 0.45 μm filtration membrane before analysis.
Twenty microliters of the samples were injected in a high-performance liquid chromatography (HPLC) system (Alliance e2695, Waters, USA) equipped with an X Bridge C18 chromatographic column (5 µm, 4.6 × 250 mm) and a photodiode array detector (Waters 2998). Column temperature was set at 25°C and the wavelength of the detector was 254 nm. Potassium dihydrogen orthophosphate buffer (Eluent A, pH 4.5, 0.05 M) and methanol of HPLC grade (Eluent B) were used as eluents. A gradient elution program was conducted as follows: 98% eluent A for 14 min; 85% eluent A for 5 min; and 98% eluent A for 9 min. The flow rate was kept at 1 mL/min with a total run time of 30 min. Identification and quantification of the nucleotides were evaluated by comparing the retention times and peak areas of samples with those of nucleotide standards.
Organic acids
Oxalic, tartaric, lactic, citric, malic, and succinic acids were extracted as described by Chen and Zhang [16] with some modifications. Briefly, 4 mL of the broth and 20 mL of Milli-Q water were mixed thoroughly. The diluted sample was then centrifuged at 12,000 g for 20 min at 4°C. The supernatant was filtered through a 0.45 μm filtration membrane.
The filtrate (25 µL) was then injected into an HPLC system equipped with Atlantis T3 column (5 µm, 4.6 × 150 mm) and monitored at 214 nm using a photodiode array detector at 30°C. A 5 g/L of ammonium phosphate buffer (pH 2.9) was used as the mobile phase at a flow rate of 0.8 mL/min and the total run time was 20 min. The organic acids in the broth were identified and quantified by comparing the retention times and peak areas to those of the standards.
Taste activity value (TAV)
TAV reflects the contribution of a single compound to the taste profile and is calculated as a ratio of a substance concentration in rib broth to its taste threshold value obtained from previous studies. The substance is recognized to contribute less to the taste when TAV is less than 1 and significantly contributes to the taste when TAV is greater than 1. [17] Equivalent umami concentration (EUC) EUC is defined as the concentration of monosodium glutamate (MSG, g/100 mL) equivalent to the umami intensity imparted by the synergistic effect of umami amino acids (aspartic acid and glutamic acid) and nucleotides (5ʹ-IMP, 5ʹ-adenosine monophosphate (5ʹ-AMP), and 5ʹ-guanosine monophosphate (5ʹ-GMP)), [18] and is calculated as follows: [19] EUC gMSG=100mL
where α i is the concentration (g/100 mL) of umami active amino acids (Asp or Glu), α j is the concentration (g/100 mL) of nucleotides (5ʹ-IMP, 5ʹ-GMP, or 5ʹ-AMP), β i is the relative umami concentration (RUC) for umami amino acids [Glu (1) and Asp (0.077)] to MSG, β j is the RUC of nucleotides [5ʹ-IMP (1), 5ʹ-GMP (2.3), and 5ʹ-AMP (0.18)] to MSG, and 1218 is a synergistic constant.
Electronic tongue
An electronic tongue system (ASTREE, Alpha MOS, France) was utilized to analyze the taste of broth samples. [20] The tongue system consists of a conventional Ag/AgCl reference electrode, a 16 position auto-sampler, and an array of cross-selectivity sensors (ZZ, JB, GA, CA, and JE). Each sensor has different sensitivity when they respond to sweetness, umami, saltness, sourness, and bitterness. Prior to testing the broth samples, the electronic tongue sensors were activated, calibrated, and diagnosed for stability and reliability. A 50 mL broth sample was diluted by adding an equal volume of Milli-Q water and used for e-tongue test. The acquisition time was 120 s. After each test, the sensors were cleaned in Milli-Q water.
Gas chromatography-mass spectrometry
The volatile compounds were extracted from 5 mL of broth samples by the solid-phase micro-extraction technique and analyzed using a gas chromatography coupled to triple quadrupole mass spectrometry (TSQ Quantum XLS, Thermo Fisher Scientific, USA). The volatile compounds in the broth were collected for 30 min at 50°C in an solid-phase microextraction fiber (50/30 µm, divinylbenzene/carboxen on polydimethylsiloxane, Supelco, USA). The fiber was then inserted into the gas chromatography injector and a DB WAX capillary column (30 m length × 0.25 mm i.d. × 0.25 µm film thickness, Agilent, USA) was utilized to separate the volatile compounds. The oven temperature was programmed at 40°C for 3 min, followed by an increase at 5°C/min to 100°C, then further increased to 240°C at a rate of 10°C/min, and maintained at this temperature for 5 min. The carry gas was helium at a flow rate of 10 mL/min, and the split ratio was 10:1. The parameters of the mass spectra were set as follows: ion source temperature at 230°C , ionization energy at 70 eV, and data collection over the m/z range of 35-500 amu. The n-alkanes (C7-C30) were run under the same conditions as the samples. The volatile compounds were identified by comparing the mass spectra with data contained in the National Institute of Standards and Technology database and the linear retention index (LRI) values with data reported in the literature and authentic online databases (http://www.flavornet.org/flavornet.html). The volatile compound contents were quantified based on the semi-quantitative determinations using 2-octanol (100 ppm, 1 μL) as an internal standard. Each volatile compound was calculated by comparing the peak area of the compound with that of the internal standard.
Electronic nose
The electronic nose system (αFox 4000, Alpha MOS, Toulouse, France) equipped with 18 metal oxide sensors was used to analyze the headspace volatiles from the broth samples. [21] For the analysis, 2 g of the broth samples were pipetted into 10 mL headspace vials and sealed with magnetic gold caps. Preliminary tests were made in order to find optimum analysis conditions that were acceptable for all of the samples. The preoptimized test parameters were set as follows: headspace temperature 60°C, headspace heating time 120 s, injection volume 600 μL, injection speed 500 μL/s, and acquisition time 120 s. Eight replicates were analyzed for each sample and the maximum resistance changes of each sensor were used for analysis.
Sensory test
A trained 10-member panel participated in the sensory test by using a 9-point hedonic scale (1 = very weak flavor intensity and 9 = very strong flavor intensity). [22] For the evaluation, all panelists were seated in the sensory analysis laboratory. Broth samples were held in transparent plastic cups and provided to panelists with a single random three-digit code to reduce the effect of the order of presentation. Warm water (37°C) was served for gargling between sample evaluations. The evaluation characteristics of broth included aroma, clarity, and taste.
Statistical analysis
All analyses were performed in eight replicates. The taste components data were subjected to analysis of variance using the SAS program (version 9.1.3, SAS Institute Inc., Cary, NC, USA). The significant differences between time points were compared by the procedure of Duncan's multiple-range test at the significance level of 0.05. Electronic tongue and nose data were analyzed using principal component analysis (PCA). A program in STATISTICA 7 (Analytical Software, St Paul, MN, USA) to manage PCA was developed.
Results and discussion
Free amino acids
FAAs are important for the formation of aroma volatiles as well as taste characteristics. Different amino acid profiles could result in the generation of different taste and flavor compounds.
[23] Table 1 shows the contents, taste thresholds, and TAVs of FAAs broth for 1, 3, and 7 days. The total FAA content increased gradually (from 23.96 to 34.78 mg/100 mL). Although no pronounced differences were observed between day 1 and day 3 in alanine, lysine, proline, valine, tyrosine, phenylalanine, and cysteine, they increased significantly from day 3 to day 7 (p < 0.05). The concentrations of the other FAAs showed a significant increase from day 1 to day 7 (p < 0.05). This indicated that the postmortem aging process of raw meat resulted in the release of FAAs. Similar results were also reported by Nishimura et al., [24] who found that the levels of FAAs in heated meat broth increased after 6 days aging.
This could be caused by a higher degree of proteolysis during meat storage. [4] During postmortem aging, endogenous enzymes like amino-peptidases C, H, and P increase the release of FAAs. [10] Thus, the FAA contents in raw material were increased as the aging time prolonged. Furthermore, the meat structure became progressively loose during aging which was probably due to the weakening of myofibrillar structures. [25, 26] More FAAs may release from meat to broth during heating. This led to an increase in the concentration of FAAs in broth. [27] In addition, these amino acids were sorted into umami, sweet, and bitter by their flavor characteristics, and each type of amino acids was increased. The contents increased from 4.32 to 7.63 mg/100 mL for umami amino acids, from 12.01 to 17.21 mg/100 mL for sweet amino acids, and from 6.23 to 9.78 mg/100 mL for bitter amino acids. The concentration of sweet-taste active amino acids was far higher than umami-taste active amino acids, indicating that the sweet-taste amino acids were predominant in the pork rib broth. Among these amino acids, the concentrations of glutamic acid and alanine were higher than any other amino acids (Table 1) , and they accounted for more than 40% of the total FAAs in pork rib broth, followed by glycine (12%), proline (8%), and threonine (5%). Similarly, Zhang et al. [29] found that arginine, glutamic, and alanine acids were the predominant FAAs in crucian carp soup. However, the TAVs of all amino acids were lower than 1 ( Table 1 ), indicating that they may not contribute directly to food taste, but they may make food savory through their synergistic effect. [30] Kawai et al. [31] found that sweet amino acids contribute a synergistic interaction with IMP of umami and sweetness that would increase in the presence of IMP.
Nucleic acid-related compounds
Nucleotides that exist in meat are of importance in meat flavor perception, as they can provide umami taste characteristics. [5, 32] The levels, taste thresholds, and TAVs of nucleic acid-related Taste threshold of free amino acids were obtained from Zhuang et al. [18] and Lou et al. [28] .
-, No taste threshold parameters were found in previous report. TAV: taste activity value; umami AA: umami amino acids; sweet AA: sweet amino acids; bitter AA: bitter amino acids; total AA: total amino acids; ND: not detected.
compounds in broth samples are shown in Table 2 . Postmortem aging had a strong impact on the concentrations of the nucleic acid-related compounds. During aging, the concentrations of 5ʹ-GMP, 5ʹ-IMP, 5ʹ-AMP, and inosine (In) decreased (p < 0.05), whereas hypoxanthine (Hx) increased (p < 0.05). Aging had no effect on 5ʹ-cytidine monophosphate (5ʹ-CMP). Similarly, Ngapo and Vachon [33] tracked the concentrations of CMP, UMP, IMP, and GMP in raw chilled pork and found that they decreased with increasing aging time.
The reduction of 5ʹ-AMP content in the broth samples can be explained by its degradation into 5ʹ-IMP under the action of AMP deaminase. Also, the deamination of AMP to IMP would cause the concentration of IMP to increase. [23] In our study, the level of 5ʹ-IMP was reduced simultaneously, which could be because the degradation of 5ʹ-IMP was faster than its synthesis. 5ʹ-IMP can be further degraded into inosine, and then into Hx through 5ʹ-IMP phosphatase and nucleosidase during aging. [32] A slight decline in inosine content could be an indication that 5ʹ-IMP is probably hydrolyzed to hypoxanthine and ribose 5-phosphate rather than directly dephosphorylated to inosine, [4] and during heating, inosine may go into subsequent reactions with other constituents.
In taste perception, 5ʹ-GMP, 5ʹ-IMP, and 5ʹ-AMP are of great importance as they can provide umami taste characteristics. [16] In this study, 5ʹ-IMP was the predominant nucleotide in the broth samples as its TAV was higher than any others (Table 2) . Additionally, the synergistic interaction of sweet amino acids (e.g. serine, glycine, alanine, and proline) with 5ʹ-IMP has been shown to enhance strongly the umami taste. [31] Although the TAVs of 5ʹ-GMP, 5ʹ-IMP, and 5ʹ-AMP in the broth were less than 1, there could be a synergistic effect between 5ʹ-AMP and 5ʹ-IMP to elicit the umami taste. 5ʹ-GMP is a flavor-enhancer that is stronger than MSG. [34] Thus, the change of taste profile can be reflected by the synergistic interaction between umami active amino acids and nucleotides.
Organic acids
The concentrations, taste thresholds, and TAVs of organic acids in pork rib broth during postmortem aging are shown in Table 3 . No significant differences were observed between any two aging time points for oxalic, tartaric, and lactic acids (p > 0.05). The malic acid content was increased from day 1 to day 3 (p < 0.05) and then remained constant (p > 0.05). The citric acid content decreased slightly as storage time increased (p < 0.05), while the succinic acid content increased from day 1 to day 7 (p < 0.05). Nishimura et al. [24] observed that lactic acid in heated pork soup did not contribute to the improvement in meat taste during storage. In the present study, the content of lactic acid remained constant and its impact on broth taste may be negligible.
Citric, succinic, and malic acids are the intermediates of the tricarboxylic acid cycle. Thus, the reduction in citric acid, accompanied with an increment of malic and succinic acids, should be Taste threshold of nucleotides and EUC were obtained from Qi et al. [17] . -, No taste threshold parameters were found in previous report. TAV: taste activity value; 5ʹ-CMP: 5ʹ-cytidine monophosphate; 5ʹ-GMP: 5ʹ-guanosine monophosphate; 5ʹ-IMP: 5ʹ-inosine monophosphate; Hx: hypoxanthine; 5ʹ-AMP: 5ʹ-adenosine monophosphate; In: inosine; EUC: equivalent umami concentration.
attributed to the conversion of citric acid to succinic and malic acids. In foods, succinic acid is one of the main taste-active components, and succinic acid together with lactic and citric acids contribute to a special sour and umami taste. [32] In stewed beef juice, umami taste was reduced by the omission of succinic acid. [37] In the present study, the content of succinic acid was higher than any other acids in pork rib broth, and its TAV was greater than 1. Thus, it can be concluded that succinic acid may contribute to the sour and umami taste of the broth. Generally, we were unable to taste the intense sour in the broth, which may be due to the existence of sournesssuppressing peptides. [38] Changes of the EUC in broth EUC was utilized to investigate the difference in the umami intensity among different broth samples. A significant increase was observed during the first 3 days of storage while EUC decreased slightly between day 3 and day 7 of storage ( Table 2 ). The results were in accordance with the taste sensory score of broth samples.
Electronic tongue
PCA and radar plots of the electronic tongue data of broth samples are shown in Fig. 1 . There was a good separation among the three aging times. The first two principal components (PCs) Values are mean ± SD from eight determinations. Means in a row with different superscripts (a, b, c) are significantly different (p < 0.05) for chilled storage time. 1 Taste threshold of organic acids were obtained from Lou et al. [28] , Zhong et al. [35] and Weng [36] . -: No taste threshold parameters were found in previous report. TAV: taste activity value. explained more than 85% of the data variations, with PC1 and PC2 accounting for 46.88% and 39.99%, respectively. The variation resulting from PC1 accounted for the difference between day 1 and the other two aging periods, while PC2 mainly corresponded to the difference between day 3 and day 7. Overall, the samples at each of three aging time were well separated, indicating significant difference in taste characteristics. This indicates that the e-tongue can recognize the broth samples completely. Moreover, the radar plots displayed a clear pattern of variation between broth samples: higher relative signals for sensor CA of day 3, and lower for sensor JE of day 1.
Gas chromatography-mass spectrometry
The results of gas chromatograph-mass spectrometry are shown in Table 4 . A total of 38 compounds were identified, with 28, 26, and 29 compounds corresponding to day 1, day 3, and day 7 of chiller aging, respectively. They were composed of aldehydes, alcohols, ketones, aliphatic hydrocarbons, heterocyclic compounds, esters, and other components, of which the aldehydes were at the highest amount, followed by alcohols. The contents of alcohols, ketones, aliphatic hydrocarbons, heterocyclic compounds, esters, and other volatile compounds were significantly different at different times (p < 0.05). However, no significant changes were observed in the concentration of aldehydes or total amount of volatile compounds (p > 0.05).
Aldehydes were the most abundant (85.30-96.40 μg/L) volatile compounds in the broth samples, it represented 72-77% of the total volatile compounds in broth samples. Although there was no significant difference in aldehyde concentration, the number of individual aldehydes increased during chiller aging, with 9, 11, and 13 aldehydes for 1, 3, and 7 days, respectively. Aldehydes might be the products of lipid oxidation and degradation and Strecker reactions of the amino acids, [39, 40] while chiller aging may cause changes in fatty acid composition [8] and amino acid composition. [4] Thus, the increase in aldehydes may be related to storage time. Furthermore, aldehydes would contribute considerably to the aroma of rib broth due to their higher concentration and lower thresholds. Hexanal, heptanal, octanal, and nonanal were the major aldehydes that accounted for about 90% of the total aldehydes. With a grease, green grass, and apple flavor, hexanal derived from linoleic and arachidonic acids was predominant among the aldehydes. [41] Alcohols represented 6-9% of the total volatile compounds in broth samples. The content of alcohols decreased from 9.76% on day 3 to 5.94% on day 7. It may be related to the production of aldehydes and esters. Six aliphatic alcohols were identified, including 1-pentanol, 1-hexanol, 1-heptanol, 1-octen-3-ol, 2-ethyl-1-hexanol, and 1-undecanol. Of these alcohols, 1-octen-3-ol was the highest, which is originated from the oxidative breakdown of linoleic acid and being described as an important meat volatile. It is responsible for a sweet, earthy odor, [42] and it has been found in black-pig pork broth [43] and shiitake mushrooms. [44] Only one furan compound was found, representing 0.4-1.2% of total volatiles. 2-Pentyl furan, derived from linoleic and other n-6 fatty acids, [41, 45] has been identified in black-pig meat broth [43] and common white-pig meat broth. [46] It has a green, earthy, beany flavor note, [47] and it might be a major contributor to the odor of pork rib broth due to its low threshold. In the present study, the content of 2-pentyl furan increased during the first 3 days of chilling but decreased afterwards. Three ketones, six aliphatic hydrocarbons, and four esters were found in pork rib broth, representing 5-9% of total volatiles. The contents of total ketones and total aliphatic hydrocarbons decreased from day 1 to day 7, while the content of esters increased. Ketones and aliphatic hydrocarbons were also generated from lipid oxidation and degradation reactions during heating, [48] and the esters can be formed by the esterification of acids and alcohols. However, their contribution to the whole aroma profile was negligible due to their high odor thresholds.
In addition, four other compounds were identified, representing 0.7-3% of total volatiles. P-xylene and 1, 4-dichloro-benzene, which are benzene derivatives, were considered as volatile organic chemicals in foods. [49] The antioxidant 2, 4-bis (1, 1-dimethylethyl)-phenol might originate from animal feeds [43] and methoxy-phenyl-oxime was recognized as a contaminant. [50] Electronic nose PCA and radar plots of electronic nose data are shown in Fig. 2 . The first two PCs explained 94% of the total variation with 77.20% from PC1 and 16.92% from PC2. There was no visible separation between broth samples in PC1, indicating that the aroma of different samples cannot be well distinguished by electronic nose, although the 1-day broth samples were well separated from the other samples in PC2. This might be due to the different concentrations of the volatile compounds. The electronic nose results indicated that postmortem aging of raw pork had weaker effect on the aroma profiles of the pork broth, which was in agreement with the GC-MS data. In addition, the radar plots showed that all sensors of three broth samples were coincided with each other, which confirmed that the aroma of different samples were not significantly different.
Sensory test
The sensory scores are shown in Table 5 . These indicated that the visual clarity and taste intensity of rib broth increased as postmortem aging time increased (p < 0.05). There was no obvious alteration in the aroma. Thus, in this case, postmortem aging of raw meat can affect the taste rather than the aroma of product. During 3-day aging, the content of 5ʹ-GMP, 5ʹ-IMP, and 5ʹ-AMP decreased slightly while the FAAs increased steadily, the synergistic interaction between nucleotides and FAAs would contribute a savory flavor to the broth, thus the EUC value and sensory scores escalated. Additionally, the levels of hypoxanthine increased significantly with extended storage time, which may lead to unpleasant taste in the broth, leading to reduced EUC value and sensory scores. The taste discrepancies led to the separation of broth samples with the e-tongue. The scores of aroma were in accordance with those provided by e-nose, combined with the GC-MS data. These results showed that the postmortem aging process had no influence on the aroma of rib broth.
Conclusion
Postmortem aging of raw pork ribs had significant effects on the taste-active compounds in the broth, which led to an increase in the levels of FAAs and succinic acid, and a decrease in the important umami-related compounds. The synergistic effects between FAAs and nucleotides or between succinic acid and nucleotides might give a positive effect on overall taste intensity of pork rib broth. Regarding aroma, the contents of volatile compounds were shown to increase slightly, but there was no apparent difference. The main volatile compounds of pork ribs were hexanal, nonanal, octanal, heptanal, (Z)-2-heptanal, and (E)-2-decenal. The present findings provide a reference for consumers on how postmortem aging of raw material affects the flavor of product. The next step will be the investigation of the changes in flavor components in broth prepared from fresh and frozen ribs, and why the differences exist will be explored.
